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A mass spawning of squid resembles, at first glance, a 
chaotic "nuptial dance" (I). But for the first time, we have 
applied 3-D, radio-linked acoustic positioning (R.IP) to 
this confusing process, and our early results now reveal a 
choreography that is, in fact, well organized in time and 
space. Remote tracking with RAP of individual Loligo 
vulgaris reynaudii off South Africa has provided insights 
into the daily sequence of behaviors that lead these ani¬ 
mals to aggregate for sexual selection. Each dawn, the 
squid navigate for several kilometers, toward the shore, to 
small, well-defined zones near egg beds on the substrate. 
After several hours of circling above these egg beds, a pe¬ 
lagic. 3-D lek-like aggregation of large males forms; fe¬ 
males are drawn in, and the aggregation condenses as 
the females and males pair, mate, and lay eggs. Smaller 
“sneaker males " remain on the periphery of the mating 
arena and. from this station, attempt extra-pair copula¬ 
tions (EPCs). The mating system of squids is thus unex¬ 
pectedly complex, rivaling those of mammals and birds 
(2, 3). Commercial squid-jigging fishermen in South A f¬ 
rica have recently been attracted to the spawning 
grounds, and they have been successful. Moreover, their 
activities may be selective for large males. Thus, atten¬ 
tion should be devoted to ensuring that such targeted 
fishing does not alter the characteristics of squid popula¬ 
tion genetics. Remote tracking and video observations, 
in combination with genetic analyses, may offer a new 
opportunity to monitor mating effort and reproductive 
success, and thus to manage the fishery. 

Determining the reproductive behavior of highly mo¬ 
bile marine animals is challenging, but the results can be 
rewarding, particularly in situations in which the species 
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is the target of a fishery that is conducted directly on the 
spawning grounds. Collaborative efforts between the 
fishermen's cooperatives and the government's Sea Fish¬ 
eries Research Institute led to the present study, which 
was conducted in November 1993 and November 1994 
in Oyster Bay, South Africa. Underwater visibility was 
limited and diving conditions were treacherous, thus the 
observations of squid behavior by divers during these pe¬ 
riods were substantially complemented by an analysis of 
data collected by remote tracking. 

Eight squid were fitted with acoustic transmitters that 
produced pulses of 50-80 kHz “pings.” The devices were 
placed within the mantle cavity and attached to the man¬ 
tle wall by a hypodermic needle that was thrust through 
the wall, crimped, and secured with silicone washers (see 
4). Four of the eight squid were large males (430 g; mantle 
length [ML] about 32 cm), two carrying Vemco V16T-3H 
telemetry tags with a thermistor-controlled pulse interval, 
one a V16-3H pinger (all, 70 X 16 mm diameter), and one 
a V8-2L pinger with a constant pulse interval of about 1 s 
(35 X 8 mm diameter). These transmitters encoded tem¬ 
peratures in the intervals between pings (as the data on 
depth and jet pressure had been telemetered in previous 
studies; 4). In addition, two small “sneaker” males (70 g; 
about 15 cm ML) and two females (180 g; about 21 cm 
ML) each carried V8-2L pingers. The data supplied by all 
of these transmitters are equivalent to those provided by 
long-term, focal sampling of animal behavior ( 5 ). 

The acoustic transmitters borne by the squids were 
tracked for 14 days by four hydrophone-equipped RAP 
buoys (Vemco Ltd., Shad Bay, NS, Canada) moored in 
Oyster Bay in a 45-m square over two small egg beds 
(each about 1 X 2 m) located 1 km offsh re. The buoys 
monitored the arrival times of signals rom the tagged 


203 


204 


W. H. H. SAUER ET AL. 


squid and transmitted them by radio to a base station, 
which used a triangulation routine (6) to calculate 3-D 
positions. The eight squid were tracked for a total of 54 
animal-days (maximum for one individual, 14 d). They 
produced 35 megabytes of positional data, and the four 
large male squid produced temperature data as well. 

Data from transmitters fixed to the substrate were 
compared with data from diver-transported units so that 
the accuracy of the software in its present state of devel¬ 
opment could be evaluated. These tests showed position 
accuracy of less than 1 m inside the array of RAP buoys, 
decreasing to 5- 10 m at a 150-m radius from the center 
of the array (note Fig. 2). Full resolution of point-by¬ 
point tracks requires a complex post-analysis that is still 
in progress, but 10-20 s averaging gave reasonable, real¬ 
time tracks for typical squid speeds of 10-50 cm s _1 . At 
worst, a squid moving 50 cm s”\ signaling its position 
every 20 s, produces points 10 m apart at 150 m from 


the center of the array; smaller movements are usually 
recorded at slower speeds. 

The eight squid being tracked were consistently pres¬ 
ent near the array during the day. The diel rhythmicity 
with which the three types of squid appeared on the egg 
beds is illustrated in Figure 1. These behavioral observa¬ 
tions are limited in number, but they are consistent; this 
consistency, together with our previous experience (4), 
indicates that acoustically tagged squid show the normal 
range of movement. 

At dawn, the squid arrived in the vicinity of the egg 
beds. The large males made circles (50- 150 m radius) 
around the area (records of these and subsequent move¬ 
ments are shown in Fig. 2). Females and other males 
gradually joined the large males as they coalesced into a 
3-D mating arena that was generally situated within 
10 m of the substrate (typical depths were 20-30 m). Ag¬ 
onistic behavior among males was very striking and 
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Figure 1 . Did patterns of squid visitations to the egg bed, shown as the ratio of hours present to hours 
monitored. Three large males (blue, 32 cm mantle length) were monilored over 8 full days, two females 
(green, 21 cm ML) over 7 days, and two small “sneaker'’ males (red, 15 cm ML) over 2 days. Females and 
sneakers from offshore appear at dawn and often remain past dusk. Large males also appear at dawn, 
although numbers peak later; they often disappear by noon and make brief return visits before moving 
offshore at dusk. A trade-off between detailed Iracking of individuals and continuous monitoring of all 
frequencies makes statistical analysis of daytime dala difficult, but continuous monitoring at night 
(1800 h-0400 h) did not indicate Ihe presence of large males or females, so patterns are clearly distinct. 
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Figure 2. Overhead view of a lypical full day of tracks for a large 
male (blue), a female (green), and a sneaker male (red): full details ol 
behaviors can be replayed on computer animations. The black dot 
identifies an egg mass confirmed by divers; video surveys also showed 
numerous squid and scattered egg fingers beneath the area of heavy 
tracks on the opposite side of the array. Ten days of similar records 
show that males and females begin at dawn making circles of 50- 150 m 
radius, high in the water column, around the sonobuoy arrav 
(A,B.C,D). Circling decreases by mid-mormng. and in the afternoon 
females spend more time near bottom at individual egg patches. 
Sneaker males remain outside the main arena, low in the water column 
and near egg patches; direct observations show that they rush in to in¬ 
tercept pairs. Speeds average 18 cm s" 1 for females, 14 cm s 1 for large 
males, and 17 cm s ' for small sneakers. 


common as they competed for temporary pairings with 
females (7; unpubl. results). The paired large males and 
females mated, and the female then moved with her part¬ 
ner to the substrate to deposit her “egg fingers" (Fig. 3). 
Although these squid need adjacent bottom for egg-fin¬ 
ger attachment, criteria for such beds are not stringent. 
Lone large males often waited near the egg beds to in¬ 
tercept pairs moving to and from the communal egg 
beds. 

This activity—repeated mating and egg laying with a 
series of temporary partners—often continued for 1- 
2 h after sunset (Fig. 1). Meanwhile, the sneaker males 
remained all day at the periphery of the arenas (Figs. 1 
and 2). In this station, presumably, they are maximizing 
their opportunities for extra-pair copulations (EPCs): 
that is, watching for females temporarily paired with 
larger males; then, after the pair has mated, swimming 
rapidly into the arena to mate briefly with those females 
(Fig. 4). The mean duration of a sneaker male's mating 
was only 6 s; in contrast, large males mated for 16-20 s 
(7). Large males occasionally left during the day, and one 



Figure 3. Photo of a large male escorting a female squid (Loligo 
vulgaris reynaudii) as she attaches an "egg finger" of about 100 eggs to 
an egg bed. Photo by MJS 


was tracked manually by boat to another mating arena 
1.5 km alongshore. Tagged large males were apparently 
unsuccessful in mating, as evidenced by the short time 
they spent near the egg beds. In contrast, paired males 
escort female mates to the egg beds and guard them as 
their eggs are deposited (Fig. 3). This does not necessarily 
imply that tags interfered with normal behavior, because 
males outnumber females. 

Most squid moved offshore at dusk; one large male 
was tracked 2 km offshore, where he remained relatively 
stationary (perhaps feeding or resting) until his return at 
dawn. During this male's onshore migration, his mean 
swimming speed was, as expected, 1 body length per sec¬ 
ond (45 cm s" 1 ). three times his speed in the mating 
arena. In contrast, sneakers were smaller and faster, av¬ 
eraging nearly 1 body length per second for the whole 
day; their tactic of avoiding large males and achieving 
sneak EPCs requires swift swimming. 



Figure 4. This enhanced video image of a "sneaker" male (left) in¬ 
tercepting a temporarv pair and attaching a sperm package to the fe¬ 
male w ith no response by the escort (right) is direct ev idence of sneak¬ 
ing in squid mating systems. Video by RTH. 
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Males of various terrestrial and aquatic taxa assemble 
in large leks or lek-like aggregations to attract females 
and then compete for mating access (2, 3, 8, 9). Among 
loliginid squids, however, the tactic that appears to be 
primary is the intensive sexual selection that occurs in 
these nearshot mating arenas, with many of the requi¬ 
sites for leks (2). We suggest that the daily offshore-to- 
inshore movements and circling aggregation of male 
squid draw in new male and female schools from off¬ 
shore, increasing the size of the aggregation and the num¬ 
ber of females. Our picture of the dynamics of these lek- 
like aggregations suggests that high-biomass mating are¬ 
nas ensure that most eggs are deposited in locations with 
a high probability of hatching success. Other potential 
benefits of larger aggregations are more intensive compe¬ 
tition for mates and more gene mixing in the population. 

Overall, the squid mating system first includes a period 
of offshore mating that provides sperm to most females 
before the onset of the inshore migration. This sperm is 
stored and, as an alternative tactic, can be used by indi¬ 
vidual females that never make it to inshore mating are¬ 
nas. Females that do participate in the inshore mating 
aggregations probably use the sperm of the large males 
with which they pair and mate in these arenas (10, 11). 
In the end, then, females that mate with large males and 
sneakers, as well as with males while offshore, have at 
least three sources of sperm (7, 11, 12). Therefore, the 
potential for genetic mixing — already increased by the 
spawning aggregation — will be further augmented. This 
type of mating system may be typical of loliginid squids, 
and assessment of paternity by some molecular tech¬ 
nique will help resolve this possibility (12). 

The fishery for the squid Loligo vulgaris rcynaudii in 
South Africa began when fishermen located squid aggre¬ 
gations by sonar and jigged them intensively. At the out¬ 
set, low-intensity jigging often yielded tons of squid daily 
for several months, primarily during what we now recog¬ 
nize as the early morning period of circling and pairing 
over mating arenas (13). Previous sporadic diving obser¬ 
vations confirmed that the aggregated squid were spawn¬ 
ing around communal egg beds (14, 15). At present fish¬ 
ing levels, the aggregations seem more transitory and iso¬ 
lated, and offshore spawning may have increased. 

By now, the fishery, although relatively new, has be¬ 
come the third most valuable in South Africa (16); this 
fits the worldwide trend in which cephalopods have risen 
to third in dollar value (behind shrimp and tuna) as fin- 
fish stocks have declined due to fishing pressure (17). But 
this fishery clearly targets spawning squid. Therefore, 
fishery biologists and fisherman's cooperatives are keen 
to avert both biological and commercial disaster; thus 
they have been supporting the acquisition of baseline 
data on population dynamics, especially as it is influ¬ 
enced by reproductive behavior. Field trials combining 
molecular genetic and behavioral observations with ex¬ 


perimental fishing are planned to develop management 
strategies that will avoid alteration or breakdown of the 
critical spawning aggregations. In addition to the poten¬ 
tial for altering the mating dynamics (and thus gene dis¬ 
tribution) on the mating arenas, recruitment could also 
be adversely affected by increases in the alternative tactic 
of mating and spawning offshore, where development 
temperatures and success may be lower (18). 

The novel remote tracking project reported here is part 
of a larger program that includes videography of behav¬ 
iors recorded by divers, analysis of the recapture of pre¬ 
viously tagged squid, bottom surveys carried out by 
video using the Global Positioning Systems for location, 
and biomass assessments from sonar and trawl samples. 

In summary, the use of an unorthodox technique (tag¬ 
ging and monitoring with RAP) led to the surprising con¬ 
clusion that the squid's “nuptial dance" seems to be cho¬ 
reographed by the large males each morning, and that 
the nature of the interactions is reminiscent of lek aggre¬ 
gations of birds and mammals. Because the annual life 
cycle of squid is brief (19), and because the fishery has 
only recently developed, the system has great potential 
as a model of genetic shifts in populations that are sub¬ 
jected to natural selection from predators, sexual selec¬ 
tion due to squid behavior, and selective fishing pressure 
from human behavior. Fishery managers might take ad¬ 
vantage of this useful model system. 

Acknowledgments 

We acknowledge the advice of Mart Gross and support 
from the Foundation for Research and Development 
(South Africa), South African Squid Management In¬ 
dustrial Association (South Africa), Sea Fisheries Re¬ 
search Institute (South Africa), National Institutes of 
Health grant RR01024 (USA), and National Sciences 
and Engineering Research Council (Canada). 

Literature Cited 

1. Cousteau, J.-Y., and P. Diole. 1973. LasI dance on the mating 
ground. Nat. I list. 82(4): 45-48. 

2. Iloglund, J., and R. V. Alatalo. 1995. Leks. Princeton Univ. Press, 
Princeton, NJ. 

3. W’idemo, F., and I. P. K. Owens. 1995. Lek size, male mating 
skew and the evolution of lekking. Nature 373: 148-151. 

4. O'Dor, R. K., J. A. Hoar, D. M. W ebber, F. G. Carey, S. Tanaka, 
H. Martins, and F. M. Porleiro. 1994. Squid (Loligoforbesi) per¬ 
formance and metabolic rates in nature. Mar Fresh Behav. Phys¬ 
iol. 25: 163-177. 

5. Martin, P., and P. Bateson. 1993. Measuring Behaviour: An In¬ 
troductory Guide, 2nd edition. Cambridge University Press, Cam¬ 
bridge, U.K, 

6. O'Dor, R. k., D. M. W ebber, W . 11 . 11 . Sauer, M. Roberts, and M. 
Smale. 1996. High-resolution, 3-D tracking of squid on spawn¬ 
ing grounds. Pp. 193-198 in Proe / 3th hit. Symp. Biolelemetry, 
C. Cnslalli, C. J. Amlaner, Jr., and M. R. Neuman, eds. Univ. Ar¬ 
kansas Press, Fayetteville. 


207 


CHOREOGRAPHY OF THE SQUID'S “NUPTIAL DANCE” 


7. Hanlon, R. T., M. J. Smale, and W. 11. II. Sauer. 1994. An etho- 
gram of body patterning behavior in the squid Loligo vulgaris reynau- 
dii on spawning grounds off South Africa. Biol. Bull. 187: 363-372. 

8. Mckaye, k. R., S. M. Londa, and J. F. Stauffer. 1991). Bower 
size and male reproductive success in a cichlid fish lek. Am. Nat. 
135:597-613. 

9. Colin, P. L., and L. J. Bell. 1991. Aspects of the spawning of la- 
brid and scarid fishes (Pisces: Labroidei) at Eniwetok Atoll, Mar¬ 
shall Islands with notes on other families. Environ Biol. Fishes 31: 
229-260. 

10. Hanlon, R. T., and J. B. .Messenger. 1996. Cephalopod Behaviour . 
Cambridge Univ. Press, Cambridge, U.k 

] 1. Boyle, P. R., G. J. Pierce, and L. C. llastie. 1995. Flexible repro¬ 
ductive strategies in the squid Loligo forbesi Mar. Biol. 121: 501 — 
508. 

12. Hanlon, R. T. 1996. Evolutionary games that squids play: fight¬ 
ing, courting, sneaking, and mating behaviors used for sexual se¬ 
lection in Loligo pea lei. Biol. Bull. 191: 309-310. 

13. Sauer, \V. 11.11. 1993. The ecology of spawning squid Loligo 
vulgaris reynaudii in the inshore waters of the Eastern Cape. Ph.D. 
Thesis, U. of Port Elizabeth. 121 pp. 

14 Sauer, W. 11. H., M. J. Smale, and M. R. Lipinski. 1992. The 


location of spawning grounds, spaw ning and schooling behav¬ 
iour of the squid Loligo vulgaris reynaudii (D'Orbigny) (Cepha¬ 
lopoda: Myopsida) off the eastern Cape coast. Mar. Biol. 114: 
97-107. 

15. Sauer, \V. 11.11., and M. J. Smale. 1993. Spawning behavior of 
Loligo vulgaris reynaudii in shallow coastal waters of the south¬ 
eastern Cape, South Africa. Pp. 489-498 in Recent Advances in 
Cephalopod Fisheries Biology. T. Okutani, R. k O'Dor. and T. 
kuhodera. eds. Tokai University Press, Japan. 

16. Stuttaford, M. 1994. Fishing Industry Handbook. South Africa. 
Namibia and Mosamhique. Pub: Marine Information. Stellen¬ 
bosch. S. A. 434 pp. 

17. FAO Fisheries Department. 1993. Fisheries and the Law' of the 
Sea: A Decade of Change. FAO Fisheries Circular. No. 853: Rome. 

66 pp. 

18. Roberts, M. J„ and \V. 11.11. Sauer. 1994. Environment: the 
key to understanding the South African chokka squid (Loligo 
vulgaris reynaudii) life cycle and fishery. Antarcl. Sci 6(2): 249- 
258. 

19. Augustyn, C. J., M. R. Lipinski, \V. II. 11. Sauer, M. J. Roberts, 
and B. A. Mitchell-lnnes. 1994. Chokka squid on the Agulhas 
Bank: life history and ecology. S Air J. Sci. 90: 143-154. 


